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Background of the Inv^nT'On 
Field of ihg Invention 

The invention relates to a bakery shoncning substitute that is an emulsion 
having a Upid phase and an aqueous phase, the aqueous phase containing a gelling 
agent that is konjac. The invention also relates to the cmuUion preparation method 
and bakery products that contain the emulsion as a reduccd-fai shoncning substitute. 

Back^Ound InfprTnatjnq 

A recent trend in the food industry is the introduction of reduced fat or no fat 
versions of many fat-<:ontaining food products, such as bakery goods. Bakery food 
products include cakes, cookies, pastries, breads, and the like. Baked goods are 
prepared from barters or doughs that contain, in addition to flour and sugar, lipids 
such as fats and/or oils, i.e., liquid fats, often in combinaUon with cmulsificrs. Many 
bakery products require a relatively large proponion of fat. e.g., introduced as 
shortening and/or buncr or the like. Cake baiter, for cxainple. can contain 20-35 
weight % shonening. 

Elimination or replacement of a portion of the fat content in bakery food 
products can lead to dramauc reductions in fat content, but such reduced fat levels 
often have adverse consequences affecting the taste. te:^ture and volume of the baked 
goods. 

The functions of the fai component in bakery goods are several: 

• provide shortened or flaky crxjmb structure; 

• provide moislncss and lubricity 

• stabilize foam (aeration) formed during baking 

• provide finruiess and clean bite 

. reduce product stickiness during the baking process. 

Satisfactory systems for replacing the fat component in baked goods must not 
only be functionaJ. e.g., providing shortened cnimb structure and foam stabilization. 



whib siill providing ihc processing char acicrislics of the high fal shortenings thai it 
replaces. 

Emulsion icchnology has been utilized to make lowered fat food products. 
U.S. Patent 5.178.897 issued to Tanaka et al describes a water-in-oil emulsion 
composition for baJccd food products, whjtc bread being exemplified. The emulsion 
contains a sizing agent that may be starch, guar gum, cairageenan. alginates or 
pectin. U.S. Pa'cnt 5.332,595 issued to Gaonkar describes water/oU/water and 
oil/water/oil emulsions that arc usefiil in salad dressings, spreads, sauces, frozen 
desserts and the iikc. The emulsion contains a gel forming composition that may be 
a gcllabic polysaccharide such as alginate, cairageenan, chiiosan or gellan that is 
present as a gelatinous layer al the iniemal water/oil interface. The internal aqueous 
phase may also contain a ihicJccncr gum such as xanthan. gum arabic, carob bean 
gum. gum tragacanth. guar gum or the like. U.S. Patent 5,338,561 issued to 
Campbell et al. describes a water continuous emulsion that contains a gelling 
polysaccharide like guar, carragcenan. pectin, alginate, gcllan and furccllaran. for use 
in nondairy creams, dressings and mayonnaises. 

Konjac glucomannan is another hydrocolloid gel that has been mentioned in 
-'jblications that describe its use as a thickener or gelling agent in various food 
applications. 

U.S. Patent 4.427,704 issued to Cheney et at. describes thcrmo-rcvcrsible or 
I hermo- irreversible gels containing carrageenan and a glucomannan such as konjac, 
and the thermo-irrevcfsiblc gels arc described as useful in rood products resistant to 
structural breakdown upon healing. 

U.S. Patent 4,582.714 issued to Ford rr al describes ungelled processed food 
product stabiliicd and/or thickened by at least one glucomannan. such as konjac 
glucomannan. Suitable food products are those with thickened and/or stabilized (but 
not gelled) c .iulsions and the examples include ice cre?jn, whipping cream, 
meringues, cheese spreads, cheese slices and milk drinks. 

U.S. Patent 4.676,976 issued lo Toba et al. describes a konjac mannan- 
containing reversible gel that also contains xanthan gum, useful in foodstuffs thai are 



component of ihc emulsion composition is preferably prcsf-^i in an amount of from 
abou; I weight % to about 30 weight %, based on the weight of the emulsion. Since 
ihc emulsion composiuons may be used as shortening rcplaccmenls in bakery food 
product foimulations on a one-to-one replacement (by volume) basis, they are very 
5 uscfiil for preparing reduced fat versions of IraditionaJ full-fai bakery food products. 

Another aspect of the present inveotioo is a ba^. :ry food product containing 
the emulsion composition of this invention as a shortening substitute. The emulsion 
composition is preferably present as a shortening substitute in zn amount of from 
about 5 weight % to about 30 weight based on the weight of ihc bakery product 
10 dough or batter prior to baking. 

StiJl another aspect of this invention is a process for preparing an emulsion 
composition useful as a shortening substitute in bakery applications which has the 
steps of forming a lipid phase by combining a lipid component with an cmulstficr 
component: forming an aqueous phase by dispersing konjac in water, combining the 
15 liquid phase with the aqueous phase under high shear mixing conditions at an 
elevated temperature to form an emulsion; and cooling the emulsion compositioo 
below about 35*C. The konjac is preferably deacylatcd in this process under alkaline 
pH conditions, at a pH of about 8 to about 12. such as by introduction of a weak base 
during the formation of the emulsion. The deacylation is preferably carried out at ui 
20 elevated icmpcranirc. preferably from about 50 *C to about 95 °C In prefcnrd 

embodiments of this process, the konjac is partially deacylatcd. to provide controlled 
rr.clt charactciistics in the emulsion composition thai replicate those of the 
shortening it replaces in bakery food products. 

25 Detailed De scription of the Preferred Embodiments 

The emulsion composition of this invention has an aqueous phase containing 
konjac as a gelling agent, optionally in combination with microcrystalline cellulose 
or a hydrocolloid gum, and a lipid phase containing one or more lipids and 
cmulsifiers. 
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hydrolysis reaction) is generally carried out by treating the konjac with a weak base 
or alkali, optionally and preferably at an elevated temperature, e.g.^ 50-95''C. to 
enhance the rale of the dcacylaiJon reaction. 

While not wishing lo be bound by any particular theory or mechanism, the 
5 inventors believe t.Sat the 6cacy)aiion treatment removes or cleaves at least some of 
ihe acecyl groups on the glucomannan polymer, resulting in a konjac that is very 
useful for p cparing melKontrollablc gels. As the degree of dcacylaiion is 
increased, the gels made from such konjac tend to exhibit increased melting points, 
which is the basis for their being characterized as mclt-controUablc. Konjac that has 
10 been completely or substantially deacylated is usefulin making heat stable aqueous \ 
gel systems that retain their integrity and do not n>elt at elevated temperatures 

generally encounieied in food processing operations. baking, frying, retorting, i 

sterilizing or the like. 

T\it degree of deacylaiion for konjac treated under alkaline conditions is 
15 normally controlled through the sclcciion of pH, reaction lime and reaction 

temperature. The actual degree of dcacylaiion is generally determined by 

measurement of the gel melting tcmperatur . oi Jie alkali-treated konjac. for a given 

strength aqueous konjac gel. This procedure may be used to determine the 

appropriate pH (usually controlled by the weak base selection and its concentration). 
20 treatment lime, and treatment temperature to obtain a konjac gel system with specific | 

mcli characteristics. As will be evident to one skilled in the an from the disclosures ! 

! 

herein, there are inany possible combinations of these paranKters that may be 

j 

employed in dcacylating konjac lo yield a (partially) dcacylaicd konjac with specific 
melt tcmi-;raturc characteristics. 
25 The deacylaiion of konjac is desirably carried out at an elevated temperature, 

preferably from about 5(fC to about 95°C. The pH should be mildly to moderately 
alkaline, with pH values above about 8 up lo aboul 1 2 being preferred. More 
preferably, the pH during the deacylaiion reaction should be maintained bcbw aboul 

10. It has been found that treating konjac at a pH of about 8.7 at SO'C for about ' 
30 ninety minutes will provide a konjac gel that is partially deacylatcd. 

J 
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potassium !»uccinate, laciaic, acetate, bcnzoatc, cttxalc and ibc like. In systems where 
MCC or CMC are present, particularly oil-in-watcr emulsion systems, the use of 
divaJcnl cations such as calcium is preferably avoided since such divalent cations 
can adversely affect the stabilization characicrislics typically provided by MCC or 
CMC 

The wea.v bases described above are typically employed as 0.5- 1 % aqueous 
solutions, where partial dcacylation of the konjac is the objective. For complete 
dcacylation. a 2 % solution of a moderately alkaline base such as TSPP is usually 
sufficient. 

Another approach for obtaining controlled melt characicrislics in the 
emulsion compositions of this invention is to increase the time the gel is exposed to 
high shear mixing conditions during its initial formai.on in the emulsion. Continued 
shearing of the koniac gel system intemipts the gel network or matrix as it is being 
formed, resulting in a fragmented or weaker gel that typically exhibits a lowered 
mcli tcmpcramre. 

The presence of the konjac in the emulsion compositions of this invention is 
largely responsible for the controlled melt characteristics of the emulsion. The 
aqueous phase of the emulsion ma", however, contain other water soluble or water 
dispcrsiblc hydrocolloids or functional equivalents of hydrocoUoids. e.g., 
microcryslalline cellulose, in combination with the kcnjac. Although konjac which 
has not been deacylated normally increases the viscosity of an aqueous medium but 
docs not form a gcl, the presence of oric or more other hydrocolloids in addition to 
the konjac can provide s^'.tisfactory gelling charactcrstics for ibe system without the 
need to deacylate^the konjac. 

Preferred combinations in the aqueous phase of the emulsion compositions 
are konjac with one or more of the following other water soluble or water dispcrsiblc 
hydrocolloids or functional equivalents of hydrocolloids: xanthan. sodium alginate, 
locust bean gum, carragcenan. calcium alginate, potassium alginate, propylene 
glycol alginate. carboxyn^ethylcelJuIose. mcihylcellulosc, hydfxjxymethylcellulosc. 
hydroxypropylmeihylccllulose. guar gum. karaya gum, gi.»m arabic. starch, pectin. 
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The emulsions of this inveniion. in addition lo the konjac-containing aqueous 
phase, also contain a lipid phase with one or more lipids and cmulsifiers. 

The lipid in the lipid phase may be any fat or oil. including hydrogenated or 
fractionated versions ihcrcof and including combinations of these lipids. The lipid is 
desirably a food^grade or food-approved fat or oil, and such lipids include a wide 
variety of vegetable- or a.iinul-dcrivcd lipids that arc edible. The lipid may be a 
solid or semi-solid at ambient temperature, i.e., 20''C-25"C (such lipids are 
sometimes referred lo as a fa!, in contradistinction to an oil. which is generally a 
liquid at ambicnl temperature). The term "fai" is also used to refer gencrically to a 
lipid component of a food product, where the lipid may be cither solid, semi-solid or 
liquid at ambient tcmpcramrc (f.g., "a bakery product containing a specific level of 
'fat'**). The term lipid is generally used in this specification to refer to all lipids, 
whether solid, senusolid, or liquid, except where the context dearly indicates 
otherwise. 

Suitable lipids for use in the emulsion of this invention include vegetable fats 
and oUs derived from saf flower, canola (rapesced>. palm, sunflower, rice, cacao, 
olive and other plint-derived fats and oils, and include animal fats derived from 
tallow, lard. whaJe. fish and other animal-derived sources. Such lipids are typically 
characterized by having a triglyceride component, which is usually a major 
component of the lipid. Preferred lipids are those conventionally used in bakery 
food formulauons. e.g., vegetable shortening. «ince the emulsion composition of this 
inveniion facilitates their use at reduced levels, as compared with the amounts used 
in the original or traditional bakery food p.odjcl formulations or recipes. 

The amount of lipid employed in the er '..s:un compo M^n depends on the 
nature and anrounl of lipid that the emulsion is u^.cnded to replace in the bakery food 
product An objective in the use of tne emulsion compositions of this invention is ic 
provide a reduced level of fat content in bakery food products, where net only a 
reductior in the fat content but also a reducuon in Ihc calorie content from fat may 
be sought in the reduced fat bakery food product. Consequently, the percentage of 
fat reduction being sought in the shoncning or other lipid being replaced in a specific 
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tinulsificr or emulsifirrs that arc convcnuonaJIy included in i]\c bakery food product 
formulucion or recipe. The individual cmulsificrs or emuisi Tier combinations in the 
cmnlsiricrcoiiiponcm may be selected lo provide salisfictory moulMccI, tenderness 
and staling resistance in Lhe b;ikery product, as well as to providt saL-sfikClory dough 
5 strcngih and aeration characteristics in the bbkcry product 

Among cmulsifier combinalions, satisfactory results are often obuincd wiih 
at least one emulsificr thai is relaiivety lipophilic and ai least onr cmulsifier thai is 
relatively hydrophilic. Emulsificrs (and otJ::r surface active materials) may he 
characterized as .lydrophihc or lipopJulic using ihc well-known hydrophile-lipophilc 

10 balance (HLB) value. A low HLB value, e g,, less than about 10. indicates lipophilic 
(or hydrophobic) chajactcrisiics. and a high HLD valoc. e.g., more than about 10, 
indicates hydrophilic chanicieris'ics for the surface active compound being 
evaluated. For commercially-available cmulsifier^. ;hc HLB value of the emulsificr 
is often included with ilie product specifications provided by the manufacturer. 

15 The amount of emulsificr or cmulsificrs employed depends on the amount of 

lipid present in the lipid phase, as well as cn the amount of lipid phase relative lo the 
aqueous phase in the emulsion composition. The emulsificr is generally employed 
in an emulsify ing-effeciive amount, to ensure that the lipid phase may be 
successfully and stably emulsified with the ltonjac<oniaining aqueous phase. The 

20 emulsificr component is preferably present in i.he emulsion in an amount of about I 
weight % to about 25 weight %. more preferably about 3 weight % to about 15 
weight %, based on the weight of the emulsion. .\s the amount of lipid in the 
emulsion formulaiioo is decreased, the proportion of emulsificr component in the 
lipid phase is normaily increased, to compensate in part for the reduced level of lipid 

25 in 'he emulsion and to cn.^urc that a stable einulsioo is formed. 

Tne emulsions o*" i/iis invention preferably have a ratio of aqueous phase to 
lipid phase within the njn^ : of about 1.5:1 lo yoout 19:1 aqueous phase to lipid 
phase, more preferably, about 2: 1 to aboiii JO: t aqueous phase ;o iipid phase, ali 
based on weight. 
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in water. The liquid phase is then combined with ihc aqueous phase unJcr high 
sheaf mixine conditions ai an elevated 'cmptraiurc to form an cnr.ulsion. The 
emulsion composiiion ihus fomied is cooled t-clow aboui ?5'*C. The formation of 
the cmu'sion is gcnerzUy accomplished wirh high shear mixing devices cr a 
homogcnizcr. This step is preferably carried out an elevated rcmpcraturc. from 
about SO'C to about 9Cf C. 

The formation of the aqueous pha.se containing the konjac is preferably 
canied out at an elevated icmperaturc, prrfcrably above about 50°C, to promote 
dispersion, hydration and gel formation of »hc konjac. as well as any oih^r 
hydrocolloids that may optionally be present. Tlic formation of the lipid pha; c is 
generally and preferably canied oui at an elevated temperature, preferably from 
Dbout A(fC to about 9(fC, to promote melting of the fats en.i'loyed as lipids and to 
pro.-noic good dispersion of the emulsifiers in the lipid ccmponcni with the fats 
and/or oils in such lipid component. 

Dcacylaiion of the konjac is preferably carried out during the formation of 
the • .nulsion. by adjusting the pH of the konjac -containing phase to an alkaline pH 
valur. preferably at a pH of about S lo atout 12, and more preferably less than about 
10. The dcacylaiion of the konjac is preferably carrier* oui at a temperature of from 
about 50 'C to about 95 "C. The deacylation reaction conditions arc preferably 
conuolled to provide a konjac gel in which the konjac is p.vtially dcacylatcd. One 
preferred procedure for obtaining good cor.tjol of the deacylation reaction, to ensure 
only panial dcacylaiion of ihe konjac by precise control of the pH. is through the 
inuoduction of a weak base, as a watcr-in-oil emulsion, to the konjac -containing 
emulsion prior to cooling of the konjac-coniaining emulsion. This approach is 
described in more detail in the Examples below. 

The emulsion composiiirns of this invention art useful for preparing reduced 
fat bakery food products as well hs essentially no fat bakery food products, as 
compared with the original or tradi^onal nish fai versions of such products. 

The conu^olled melt characteristics of ;he cm.ulsion conuibutc benefits lo 
baked food products in which the emulsion cotnposiiion is employed, in much the 
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gjois. e.g.. xanthar gum and guar gum. tha: arc often ado^d as fat rcplacen and 
waicr binding agents in prior an reduced fai ba):cd f-_>od producu. The emulsion 
compositions of this invention aJso provide Jubricit>' in b;iVcd focd products, and this 
propc.-ty contributes (o a firm bite mouth feel, along -A^ith desirable oiIi'>css instead 
of soggincss in the baked fixxl product. 

A significani advantage of the cmuision composi'jons of Lhis invention is thai 
ihcy can replace shortening and other convcn'.ionaJ fats (lipids) in baitcry food 
formulations on a one-to-one volume basis. Typical bakery food products may 
contain the emulsion compositions of this invention as a shonening sLbstitutc. in 
amounts of from about 5 weii^ht % to about 30 wcighi %, based on the weight of the 
bakery product dough or bancr prior to baking. This benefit pcrmiLs the direct use of 
the e::iulsion compoiilions in the traditional balccry f^xxJ formulations or recipes, 
without any mcdificauons being required in be amounts of shortening or in the 
addition procedure originally called for. The emulsion compositions also provide 
similar viscosity characteristics in the batter or dough in which ihcy are incorpcraicd 
as shortening or butter (or other lipid) substitutes. 

Siill another benefit of the emulsion compositions described in this 
spccificaiion is that ihcy may be readily prepared without the need for specialized 
equipment. This aspect permits the emulsion lo be prepared in a commercial bakery, 
using conventional mixing equipment normally used in comrnercial bakery 
operations. 

Use of the emulsion compositions of this invention lo obtain reduced fai 
versions of traditional high fat bakery food products also has the desirable result of 
producing a reduced fat bakery food product with satisfactory taste and texture 
characteristics, The bakery products suiublc for us« with the emulsion compositions 
of this invention include cakes, pic crusts. Danish past^^. croissants, breads, 
doughnuts, cookies, snack cakes and the like. 

All of these characteristics of the emulsion compositions arc highly desirable 
since triditionaJ bakery product formulations may continue to be used without 
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At this point, the weak base solution is added with continued high shear 
mixing. After the addition of the weak base is complete, the emulsion is maintained 
at 70'*C for thirty minutes during which time it is slowly stinrd. TJw cmuJsion is 
then allowed to cool to ambient tcmpcrarure. about 2(f C-25'*C. During this cooling 
5 period the emulsion is repcatedJy and mildly sheared for a short period at intervals of 
two or three minutes until a plastic consistency is attained. The resulting emulsion is 
firm and plastic, melting between 55*C and 70''C. Upon cooling, the emulsion 
regains its firm, plastic solid form and exhibits a consistency similar to lard. 

This emulsion may be used to replace completely the solid shortening 
10 normally used in preparing pie crust; the fat content of the resultant pie crust is 
thereby reduced to 25% of the fat present in a pie crust prepared from conunon 
shortenings, for example, lard or Crisco* vegetable shortening. 



E xam ple 

1 5 Example 2 describes the preparation of a water-in-oil emulsion according to 

this invention, useful as a shortening replacement in Danish pastry. The konjac- 
containing emulsion of this Example contains about 25 weight % fat and is prepared 
by the following procedure. 

A lipid phase is prepared by healing at 70^C. with stirring to promote 

20 melting, the following ingredients in a 600 mL beaker 89 g butter oil (Level Valley 
Dairy), and the following emulsifier component: 7 g Dimodan* L5K distilled 
monoglyceride (Grindsied Products, Inc., Industrial Park, Kansas), 2 grams of 
Triodan* R90 polyglycerol polyricinolcate (Grindsted Products, Inc.). and 2 g 
Dimodan* CPK distilled highly saturated monoglyceride (Grindsted Products. Inc.) 

25 A one-phase liquid lipid phase results. 

An aqueous phase is prepared by dispersing 8 g konjac flour in 192 g 
distilled water, using a Silverson* mixer at 45(X) rpm for a period of one tninutc, and 
the aqueous phase is heated to 70''C. A weak base solution of I g tctrasodiuro 
pyrophosphate in 99 g distilled water is also prepared and is also heated to 70°C, for 

30 use as described below. 
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Compar.y). 10 g Paranounc* B hydrogenatcd paJm kernel cll (Vin uVn Bcrgh Co.. 
Lisle. Ulinoii). v.d Ihs following cmulsificr component: 30 g DimoJan* OK distillej 
monoglyf.cride (GrindsicJ Products, liic. Induslriai Park. Kansas) and lOg Twccn* 
GO polyso-batc ?.0 (iO Inc.. V/ilmington. Delaware). A cnc-phase liquid lipid pha« 
rcsiills. 

A **cJc hasc solution of I g potassium citrate in 99 g distilled water is 
prepare J and is aJso heated to 70*C. Tl.c weak base soluiJ jr. is ihcn slowly added to 
the heated lipid pha.se, which is mixed at high shcai-. with a Ughinin* mixer ai 3000 
rpm. The watcr-in-oll emulsion that forms is stirred conslanUy and maintained at a 
temperature cf TO^'C during the preparation of rhc konjac<ontainjng aqueous pha;;c. 

An aqueous phasi: i> prepared by dispersing 6 g konj;\c flour in 294 g 
disullcd water, using a Silverson* mixer ai 4500 rpm ior a psriod of one minute. :ind 
the aq-j-ous phase is heated to 70*C. 

The watcr*in-oi' emulsion of the lipid phase aiid wc?k base is then 
Introduced into the konj3c-<ontaining .iqueous phase, and the multi-pha.«; mixtuic is 
then mixed at high shear, with a Silverson* mixer at 4500 rpm for 45 seconds. Lfpon 
complciion of this addition and mixing, the resulting otl-in-walrr emulsion is 
maintained a: z tempeniurc of 70°C for thirty minutes. The emulsion is then 
aJIowcd to coo. to ambient temperature, about 20*0-25*0. ovemisht. 

The resulting oil-in-watci cmuision is very fine and is a viscous gel. At a 
tcmpcranirc of 70 °C. the emulsion oocs not flow, but the em-jliton flows at S5T 
when placed on an incline. The cm:ilsion is refrigerated until ready to be used to 
bake a yellow cake with only 25 % of the fat content of a tr&ditic-?I yellow cake 
prepared with full-fat shoncning. as described in Example g. 

Example 4 

Example 4 describes the preparation of a oil-in-wjicrL-muUion wrcofding to 
this i.nven-Jon. useful as a shortening rrplarenv.ni in pound cake wirr Hrm but moist 
texture. The konjac-containing oil-in-waicr cmuhion of this Example i.-- prepared by 
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A pound cake balud with this emulsion composition contains only 25 % of 
the fat contenr of a uadiUcnaJ pound cake prepared with full-fat shortening. The 
resulting pound cake is chaiactcrized as having high volume, fine and firm texture, 
and po.^5C5sing £ moist and creamy mouthfcel upon mastication. Hie n:d->ccd fat 
pound cake may be described as being comparable in eating charactensUcs to a 
iradiiiona] fuU fat po';nd cake. 



Exampl ejj 

Example 5 drscnUs the preparation of a oi)-in-wattr emulsion according to 
this invention, useful as a shortening replacement in yellow cake. The konjac- 
containing emulsion of this Example conuinr. only about .10 weight % fat and is 
prepared by ihc following procedure, which is similar to the two step approach 
described for Examples 3 and 4. 

A lipid phase is prepaixd by heai.ng ai ICTC, with stirring to promote 
mcliing. the following ingredients in a 600 mL beaker 23 g Crisco* vegetable 
Lhonening (Procter & Ganiblc Company. Cincinnati. Ohio) and the following 
cmulsificr crmr>cnent: 20 g Dimod?ji' OK distilled monoglyccride (Grindsted 
Products, Inc.. Industrial Pflrfc. Kansas J. 10 g Twcen* 80 polysorbatc 80 {IC! Inc.. 
Wi.'miPgion. Delaware). 2 g Triodjn* K90 polyglyccrol polyricinoleaic (Grindsted 
Produce, Inc.) and 2 g lecithin. A o:ic-phase liquid lipid phase results. 

A weak h^^ soluuon of 0.5 g letrasodium pyrophosphate in 99.5 g disUlled 
water is prepared and is also healed to 70X. The weak base solution is then slowly 
added to the heated lipid phase, which is mUed at high shear, with a Lightnin* mixer 
a? 3C00 rpm. The watcr-in-oil emulsion thai forms is stirred constantly and 
mainlained ai a temperamit of 70-C during the preparauon of the konjac<onuining 
aqueous phase. 

An aqL-rous phase is prepared by disposing 10 g of a blenc of konjac and 
xanihan. in a weight ratio of about 35:65 konjac :o xanihan. L- 490 g distiilcd water, 
using a Silvcrsc n* mixer al ^500 rpm for a period of one min:.'e. and aqueous 
phase is heated id 70"C. 
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choline Icciihin (Lucas Meyer. Inc., Dccarur. Illinois), A onc-phasc liquid lipid phase 
results. 

A waler-in-oil emulsion is next prepared with a v/eak base solution, as 
follows. A weak base solution of I g tcnasodium pyrophosphate in 99 g distilled 
water is prepared and is heated to 50*C. A lipid phase is prepared by mixing 49 g 
soybean oil and I g Admul* WOL emulsincr (Quest Inicmalional, Zwijndiecht. 
Netherlands), and this is also heated to 50"C. The weak base solution is then added 
to the lipid phase, which is mixed at high shear, with a Lightnin* mixer at 3000 rpm. 
The watcr-in-oil emulsion that forms is maintained at a tcmperarure of 50'C during 
the preparation rf the konjac -containing aqueous phase. 

Arj aqueous phase is prepared by dispersing 5 g of a blend of korjac and 
xanihan. in a weight ratio of about 35:65 konjac to xanihan. in 344 g distilled water, 
using a Silverson* mixer ai 4500 rpm for a period of one minute, and the aqueous 
phase is heated to 70**C. 

The lipid phase is then introduced into the konjac -conlaininjf aqueous phase, 
and the multi-phase mixture is then mixed at high shear, with a Silverson* mixer at 
4500 rpm for 45 seconds. Upon completion of this addition and mixing, the watcr- 
in-oil emulsion containing the weak base is also introduced into the oil-in- water 
emulsion with high shear mixing, using a Silverson* mixer at 4500 rpm for a period 
of one minute. 

The resulting oil- in- water emulsion is maintained at a temperature of TO^C 
for twenty minutes. The emulsion is then allowed to cool to ambient temperature, 
about 20*'C-25*C, over a twenty-four hour period. 

The resulting oil-in-wafer emulsion may be used to replace the shortening in 
bread dough formulations, where the fat content is thereby reduced by njore than 
S0%. The emulsion composition, as noted above, contains an alloy of konjac and 
xanthan, and this combina»ic.i uf hydrocolloids contributes to dough strength. The 
emulsion ccr.iposition also results in finer, more ciTicient dispersion of the 
cmulsificr^. lecithin and succinylaicd monoglycerides. in the dough. 
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water even whm the emulsion is processed in a bakery product at elevated 
temperatures. Emulsion compositions .uch described in this Example arc useful 
where J prcdominamly liquid unsaturated fat i. to be used in place of a saturated fat 
in a bakery food product formulation. 

The emulsion composition is desirably used in caJcc formulaUons in 
combinatinn with another hydrocoMoid gum. such as o konjac/xanthan .nl!oy which is 
a good film-former, and -.he hydrocolloid gum shouia bz incorporated with the dry 
cake ingredient. A cake preparea in this manner -A-ith the pourable emulsion 
compor ilion wilJ possess high lubricity and other sensory characteristics of a full-fat 
cake, despite having only 25% of the fat content of a fuD-fat l akc. 



Exam ple 8 

This Example S describes five different enulsion compositions of ihjs 
invention and ihcir use in a stand-vd ycilow layer cake formulation. Four of the 
15 emulsions (8A. SB. ftC and 8E) arc oii-in-watcr emulsions prepared as described in 
Example 3. and one emulsion (8D) is a watcr-in^oil emulsion prcpojcd as described 
in Example 7. Four of the emulsion compositions (8A, 8B. 8C and 8D) are used to 
replace full-fat shortening in a yellow cake formulation cbntaini.ng 25 % fai content, 
so that the resultant reduced fat yellow rjkcs contain just 6.25 % fat content, only 25 
20 % of the fat in .he original full-fat cake formulation. One emulsion composition 

{8E) has hajf the fat content of the other four emuisions. so that the resuliajit reduced 
fat yellow cake contains only about 3 % fat content. 

The standard ycUow layer cake, "a full-fat cake" containing 25% fat. Is 
prepared using the following s-^ndard recipe developed by the American Institute of 
BaJujig. Manhanan. Kansas. The amounts shown produce 1000 grams of b.tttcr and 
are proponionaicly reduced from the amounts, provided by the American Institute of 
Baking which result in 1630 grams of bancr The recipe follows: 
Weight 

(grx-ry;) Ingredieny 



24i Cake flour 

295 Granulated sugaj 

24.5 Whole egg vilids 
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Table I 



Formulation 


8A 


SB 


SC 


8D 


8E 








wcignt (grams^ 




- — . 


Konjac' 














\> 


o 


A 






V nnisr/v antKan Kl^nH^ 
xuiijow Aaiiuiiin uicnii 










6 


Crffiuufjtcrt. 












Dimodan* OK* 


30 




to 






Mwerol* P06^ 


J 










Triodan* ROfl* 


L 


-> 




1.5 




Lipodan* 






1 A 






nimodan* f *IV 






c 




25 


T*ccn wT 






10 






Sugar ester 29tf 








I 




Soya lecithin' 








3 




Twecn* 80^ 










10 


Lipids: 












Soybean oil 


30 


30 




94.5 




Crisco" 


33 


33 


40 




15 


KiystaJGoId*" 






25 






Weak bases: 












Potassium citrate 


2 




4 






Tetra&odium 




10 




I 




pyrophosphate 








Sodium acetate 










2 


Water 


290 


284 


292 


296 


342 



Preparation Example 


3 


3 


3 


7 


3 


Type of emulsion 


0/W 


OAV 


O/W 


w/o 


ory 


Percent deacylalcd 


-30 


100 


-60 


100 


-75 


Percent fat in 


25 


25 


25 


25 


12.5 



emulsion 
* konjac flour 

konjac floui blended with lanthan gum in a respccbve weight mio of 35:65 
^ Dimodui* OK disnllej monogtycerivks fiom Gnndsicd Producu. Inc. 
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Cake Example 8A 8B 8C 8D 8E 

InKTcdients Weight fgrams) 



Coke Flour 


265 


265 


265 


265 


265 


Granulated sugar 


316 


316 


316 


316 


316 


Whole egg solids 


24 


24 


24 


24 


24 


Non-fat Hrv mitlr caIiHc 
i^uii lot ui jr iiuuv ^viiUi> 


1 R A 


I0.4 


18.4 


18.4 


18.4 


Salt 


7.4 


7.4 


7.4 


7.4 


7.4 


Baking powder 


15.3 


15.3 


15.3 


15.3 


15.3 


Water (pan I of 3) 


125 


125 


125 


125 


125 


Ravoring 


!.2 


1.2 


1.2 


1.2 


1.2 


Liquid Egg Color 


0.6 


0.6 


0.6 


0.6 


0.6 


Water (part 2 of 3) 


38 


38 


38 


38 


38 


Water (pan 3 of 3) 


80 


80 


80 


SO 


80 


Emulsion 


120 


120 


120 


120 


120 


Emulsion Ex^p!c No. 


3A 


8B 


8C 


8D 


8E 


Cake properties 












Center height (cm) 


5.2 


4.2 


4.8 


4.9 


4.7 


Edge height (cm) 


3.0 


2.3 


3.4 


3.3 


3.6 


Cell si2e (mm) 


0.4-0.5 


0.5-1.0 


0.5-0.7 


0.5-0.7 


0.5-0.7 



Cake 8A contains iht same amount of fat as cake 9A (sec Comparative 
Example 9 below), but it has superior mouthfccl and lubricity and is finncr, giving a 
clean bile. The finished bancr prior to baking is viscous with a density of 0.88 g/cc. 
Cake 8B has a coarser crumb structure and is dryer than cake lOA. Cake 8C is 
characterized as being nrmcr that cake 8A, but this is to be anticipa'ed because its 
higher solid fai content. Cake 8C has greater lubricity ihan cake 9A and a firmer bite 
Lhan cakes 8A znd 8B. Cake 8D has a clean bite and lacks gumminess. It is as moist 
as cake 8A and is comparable in eating quality to cake 8A. Cake 8E has a fine 
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Table 3 

Comparalivc Comparative Standard Cake 
9B (Example 8) 
InKTcdienij Weijiht (grams) 



Cake nour 


265 


277 


245 


Granulated sugar 


316 


327 


295 


Whole egg solids 


24.5 


24.5 


24.5 


Non-fai dry milk 


15.4 


18.4 


18.4 


Salt 


7.4 


7.4 


7.4 


BaJcing powder (Fleishmann) 


15.3 


15.3 


15 "i 

1 J* J 


Aqueous cmulsiricr blend 


4.1 




12.3 


Shortening Hi-Raiio 


15.3 




61.3 


Water (part 1 of 3) 


153.4 


153.* 


153.4 


Ravoring 


12 


1.2 


1.2 


Liquid egg color 


0.6 


0.6 


0.6 


Wnlcr (part 2 of 3) 


73.6 


73.A 


73.6 


Water (part 3 of 3) 


92 


92 


92 


Xanthan gum 


4 


4 


0 


Cake proDcrtiq;^ 








Fat content 


6.25 


0 


25 


Center height (cm) 


3.7 


3.9 


4.5 


Edge height (cm) 


3.3 


3.4 


3.7 


Cell size (mm) 


2 3 


large 


0.5^.8 



Cake 9A. which has only 25% by weight of the fat compared with Ae standard cake 
of Example 8. has a coaj« cmmb siructure with large, uneven voids that are created 
by moisture channeling. This cake is overly moist and dense and is judged to be 
barely acceptable. Cake 9B is dense, moist, soggy, and gummy with unusually large 
air cells and is judjfcd to be totally unacceptable. 
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1 1. The composition of claim I wherein the lipid componcni is selected 
from ihc group consisting of vcgeiable fjts. vegetable oils, aninnal fau. aninaJ oils 
and mixtures ihcreof. 

12. The composition of claim 1 wherein ihc lipid component is present in 
5 an amount of from about \ weight % to about 30 weight b^J on the weight of 

the emulsion. 

13. The composition of claim I wherein the cmulsificr component is a 
combination of emulsifiers. 

14. The composition of claim 13 wherein at least one emulsificr has a 
10 bydrophilc- lipophile balance value of less than about 10 and at least one other 

emulsiricr has a hydrophile-lipophilc balance value of greater than about 10. 

15. The composition of cl?iin I wherein the cmulsificr comporicr.; is pres/rnt 
in the emulsion in an amount of from about I weight % to abou: 25 weighi. b?5cd on 
the weight of the emulsion. 

15 16. The composition of clainri 15 wherein the cmul.^ificr component is 

self cicd from the group consisting of mono- and digl>ccridcs of fatty acids, 
eihoxylatcd monoglyccridcs; polyglyccrol fatry acid esters, sucrose fatty acid csicre. 
sucrose fatty acid csiere esters, sucrose fatty acid cste/s polyesters, sorbitan fatty aLiri 
esters, ethoxylalcd sorbitan fatty acid esters, and prolcinaccojs emrjlsificrs. 

20 17. Tb? composiiicn of claim 1 wherein the internal phase of the emi:!sjon 

consists of droplets havins an average diameter of from about 0.5 \im to about 20 
(im. 

18. A bakery product co'.i^aining a shoncning substitute which ccmpriies 
an caiulsion composition with an aqueous phasr containing water and konjac as a 

25 gelling agent; and a lipid phase containing a lipid component and an cmulsificr 
component. 

19. The bakery product of claim 18 wherein the emulsi 'n composition is 
present in an amount of from about 5 weight % to ahout 30 weighi %, based on the 
weight CI the bakery prod:ici prior to bakin« 
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31. m- bakery produc, of claim 18 wherein ,he lipid CMnponent is present 
m an amount of from about J weigh, % to about 30 weight %. ^.^^ ^n the weight 
of the emulsion. 

32. -n.^ b>i^ry product of claim 18 wherein ,hc e™al5,iW, ccmponcn. U a 
combination of cmulsificre. 

33. n,e hJ^try p«rfuct of clai™ 32 wherein ai least ooo ^ , 
hydrophile-lipophUe balance value of less than ahout 10 and ai „,her 
emulsilier tas a hydrophi'e-lipophile bala«:e vjus of greater .ha« about 10. 

34. The bakery p,o.l«:, of claim 18 whetein the emukifi^r component is 
selected for mouthfeel. tenden-.-ss ard staling tesistance in the b»ke,y product. 

35. n« balo produci of cl«m 18 wherein the emulsifi« con,ponent is 
selected for dough strength and aeration characteristics in the bakery product. 

36. The bakery product of claim 18 whenrin the emulsifle, componen. is 
present in U« emuIsiDn in an amount of fro.-n about I weight » to about 25 weigh. 

I J %. based on the weight of the emulsicn. 

37. The bakery product of claim 36 wherein the emuUifi« component is 
selected from the group consisting of mono- ard diglycerides of f»ny «ids 
ethoxylated monoglycerides. polyglycerol fatty acid ester,. suc,«* fa„y ^ij cstens 
sucrose f,tty acid esters esters, sucrose farty acid esters polyesters, sorbitan fatty acid 
esters, ethoxylated sorbitan fatly acid estets. and pmteinaceous emulsifiers. 

38. A proce« for preparing an emulsion composiUon u«ft,| „ , shonening 
subsuiute in bakery appUcations which comprises 

forming a lipid phase by combirjng a lipid componen. wid. „ emulsifrer 

component; 

forming an aqueous phase by dispersing konjac in water, 
combining the liquid phase with the aqueous phase under lu^h shear mi^ng 
condiuons at an Hevaicd temperature to form an emulsion; and 
cooling the emulsion composition below about 35*C 
39. The process of claim 38 wherein th. emulsion that is fcy^ned is selected 
from the group consisting of ^ e:^ ;n-wa.er emu.sicr. and a wa.er-in^i| emulsion. 
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53. Tec process of claim 38 wherein ihc emulsificr component is present in 
the emulsion composiUoo in an amount of from about 1 weight % to aboul 25 
weight %. based on the Wright of the emulsion. 

54. The process of claim 53 whciein the emulsificr component is selected 
5 from the group consisting of mon<v and diglycerides of fatty acids, ethcxylated 

monogiycerides. polyglycerol fatly acid esters, sucrose fatty acid esters, sucrose fatty 
acid polyesters, sorbitan fatty acid ester,, etbo.ylaicd sorbitan fatty acid esters, and 
protcinaceous cmulsifiera. 

55. T>.c process of claim 38 wherein the konjac is eir.ployed in combinaUoo 
10 with a hydrocolloid or hydrocolJoid runctional equivalent. 

56. The process of claim 55 wherein the hydrx>co»oid or hyd^xolJoid 
fcnc-Jonal equivalent is selected from the group consisting of microcrystalline 
ceUulose. xanthan. sodiun. alginate. I«us, bean gum. canageenan. dcium alginate, 
potassium alginate, propylene glycol alginate. carboxytDcthylccUulose. 
methylcellulose. hydroxymethylceUulose. hydroxypropylmethyl ceUuJose. guar gum. 
kaiaya gum. gum arabic. starch, pectin, inulin. maltodextrin and gelatin. 

57. The process of claim 55 wherein the konjac and hydrocolloid or 
hydrocolloid functional equivalent an. present together in an amount of from about 
0.3 weight % to about 5 weight %. based on the weight of the emulsion. 

58. The process of claim 38 wherein the Upid phase and aqueous phase are 
combined to form the emulsion at a temperature of from about S(fC to about 9(fC. 

59. The process of claim 38 wherein 0* emulsion composition has a plastic 
or solid consisterjcy below a temperature of about 35'C 

60. m pr^ss of claim 38 wherein the interruJ phase of the emulsion 
composition consists of droplets having an average diameter of from aboul 0.5 ^ to 
about 20 urn. 

61. The process of claim 38 wherein the deacylated konjac provides the 
emulsion composition with a melting point or flowing point above a temperature of 
about 60-C. 
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